It has been shown that thiourea in amounts smaller than those recommended for thiouracil can produce a satisfactory remission in hyperthyroidism (1). The thyroid-depressant effect is enhanced if thiourea is used in combination with strong solution of iodine (2, 3, 4). The administration of these two substances together results in a more rapid and more profound drop in the concentration of serum precipitable iodine than that observed with thiourea alone. Symptoms and signs of thyroid overactivity disappear along with or soon after the fall in serum precipitable iodine. Continued administration of thiourea, however, in the dosage initially used to produce a remission (280 to 210 mgm. daily) -ultimately results in hypothyroidism in a number of patients. Ingestion of desiccated thyroid is followed by disappearance of the hypothyroidism and the serum precipitable iodine concentration returns to normal.
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These facts suggest that the dosage initially employed was unnecessarily large. The present study arose from an attempt to avoid hypothyroidism by the use of the minimum effective dose of thiourea. To determine the magnitude of this, the effects of small doses of thiourea, 0.075 to 0.015 gram daily, together with iodine solution in inducing and maintaining a remission in hyperthyroidism have been studied. Results obtained with iodine medication alone, and those with amounts of thiourea greater than 0.075 gram are included for purposes of comparison.
MATERIALS AND METHODS
Data are presented on 4 groups of hyperthyroid subjects, some with diffuse goiter and some with adenomata. With but few exceptions the Figure 1A , B, C, and D). Each patient in this group of 50 also received 5 drops of strong solution of iodine 3 times daily.
It is evident from the figure that equally satisfactory results were obtained with either 0.280 gram or 0.210 gram of thiourea daily in addition to iodine solution. At the end of 10 to 12 weeks of treatment or less, all but one patient in each of these 2 groups had developed concentrations of serum precipitable iodine of 8.0 gamma per cent or less ( Figure 1A and B). The use of a smaller amount of thiourea, 0.07 gram daily, proved to be somewhat less effective. At the end of a similar period of treatment, 10 out of 13 patients had responded ( Figure IC) . A (Figure 2A , B, C, and D). The serum precipitable iodine declined to and remained at euthyroid levels, 4 Clinical improvement and euthyroid concentrations of serum precipitable iodine appeared and persisted in 9 of the 39 patients. In the remaining 30 patients the serum precipitable iodine, save for a temporary initial decrease in some instances, remained elevated and thyroid overactivity continued. fell 2.0 gamma per cent or pnore, but in only 1 did the concentration become normal. This patient and, several others showed a subsequent rise to the pretreatment levels ( Figure 2B ). In the majority of patients, 17 in number, the serum precipitable iodine either failed to change at least 2.0 gamma per cent or was still distinctly elevated despite prolonged treatment with iodine solution ( Figure 2C ). In the 7 remaining patients, the serum precipitable iodine actually increased during iodine treatment ( Figure 2D) .
In those few patients in whom the concentration of serum precipitable iodine fell to normal levels the hyperthyroidism largely disappeared. Some of the others also showed a measure of clinical improvement. This did not always correlate in either magnitude or direction with the change in the serum precipitable iodine. In the majority of patients, however, the clinical symp- toms * had been repeatedly found to have euthyroid concentrations of serum precipitable iodine prior to the withdrawal of thiourea. The effect of this change in the therapeutic regime on the concentration of serum precipitable iodine is shown in Figure 3 . Hyperthyroidism recurred in 8 of the 10 patients within 6 to 12 weeks after withdrawal of the drug. This high incidence of recurrence appears to be independent of whether the iodine solution was continued or discontinued at that time. DISCUSSION It is evident that in most patients it is not necessary to provide a daily intake of thiourea greater than 0.07 gram given with strong iodine solution in order to produce a rapid and complete remission in hyperthyroidism. Since a response to 0.015 gram of thiourea together with iodine solution is obtained in only a very small proportion of subjects, the minimum effective dose of thiourea, given in conjunction with iodine, must lie between 15 and 75 mgm. daily in most patients. Variations in individual response make more exact estimation difficult. Two advantages may be derived from the use of smaller doses of thiourea such as 70 mgm.
rather than 210 or 280 mgm. First, it is possible that the number of toxic reactions may be minimized. Although in the studies reported in this paper no untoward reactions were encountered, drug fever developed in 2 patients in a previous series (2) . Second, the smaller the dose employed, the less is the probability of the development of hypothyroidism. We have, therefore, adopted the following regular plan of treatment. Ambulatory patients are usually started on 70 mgm. a day, along with strong solution of iodine, 5 drops 3 times a day. If (Figure 3) effectually disposes of the possibility that the hyperthyroidism has been cured.
In a previous paper (2) , the additive effects of iodine and thiourea in the larger doses, 280 or 210 mgm. daily, were demonstrated. Too few observations on the effects of 70 mgm. daily doses of thiourea without iodine are as yet available to establish that this same additive effect is present at these low levels of dosage. The possibility, on the other hand, that the beneficial effects of this combined form of therapy are to be ascribed chiefly to the iodine solution given can be easily discarded. From Figure 2 it is evident that iodine solution by itself only rarely produces a sustained remission in hyperthyroidism, and from Figure 3 it is clear that iodine alone cannot sustain a remission produced by thiourea. These results confirm the general impression that continued treatment of hyperthyroidism with iodine medication alone is generally unsatisfactory.
The physiological effect of these small amounts of thiourea point to a particular sensitivity of the thyroid gland to this drug, since, at least in the normal dog, there is no tendency for the thyroid gland to destroy or concentrate thiourea in measurable amounts (7) . Thiourea does not accumulate in the body to any extent and is distributed through most of the body fluids in about the same concentration as that found in serum water (7) . The concentration of thiourea in serum after a daily dose of 25 mgm. is too low to measure by present analytical methods, but the general range may be estimated from the volume of distribution of thiourea (about 0.8 times the body weight) and its renal clearance (50 to 60 ml. per minute) (8) .
This calculation indicates that the concentration ranges from 5 to 50 gamma per cent of thiourea in body fluids including, presumably, the available water of the thyroid gland. These are to be compared with concentrations of inorganic iodine in the water of the thyroid gland of the magnitude of 10 mgm. per cent, or 10,000 gamma per cent (9) . It seems improbable that relatively few molecules of thiourea can combine with and render unavailable, as has been suggested (10, 11) , this great excess of inorganic iodine. The thiourea effect appears to be mediated, rather, through a block at a crucial link in the chain of reactions through which all of the iodide which is converted to organic iodine must pass. The studies reported in this paper indicate that this block in the conversion of inorganic iodine to diiodotyrosine and thyroxine can be produced by almost infinitesimal traces of thiourea.
The fact that iodine medication does not interfere with the action of thiourea, even when the latter is present in relatively trifling amounts, and the fact that their actions are additive, prove that these substances act at quite different points. There is good evidence that iodine has two separate actions on the hyperthyroid gland; the first inhibits the effect of thyrotropic hormone, the second favors the accumulation of iodine within the gland, as a result of an excess of inorganic iodine (9) . Thiouracil and related drugs interfere with neither action (12 to 15). Since they certainly prevent the synthesis of thyroxine and diodotyrosine from inorganic iodine (13), it is reasonable to suggest that they may act by poisoning the enzyme system responsible for this synthesis. The lack of interference in the action of thiourea by iodine in large excess is most readily explained in-this way. The experiments of Astwood (10) in which he demonstrated a greater goitrogenic potency of thiouracil in animals maintained on a low iodine diet than in those on a high iodine diet do not prove that there is a direct interference between iodine and thiouracil. The high iodine diet more probably acts by inhibiting thyrotropic hormone action and so delaying the development of goiter.
1. Doses of thiourea as small as 0.07 gram daily, in conjunction with iodine solution, produce a remission in hyperthyroidism with considerable regularity.
2. The remission in hyperthyroidism can usually be maintained by the use of 0.05 to 0.025 gram of thiourea daily in addition to iodine solution.
3. A daily intake of 0.015 gram of thiourea together with iodine solution does not induce a remission, or maintain it, following the use of larger amounts.
